Species belonging to the genus Flavobacterium have been isolated from a variety of habitats including soil, saline water and freshwater, ice and the bodies of macroorganisms that are distributed throughout temperate and polar regions. The current classification of the genus Flavobacterium is based largely on the emended genus description provided by Bernardet et al. (1996) . At the time of writing, the genus Flavobacterium comprises 116 recognized species, which makes it the largest genus in the family Flavobacteriaceae. The key phenotypes of this genus are production of yellow pigments, catalase activity, absence of a requirement for Na + or seawater, the inability to produce indole, and the inability to grow anaerobically or above 37 u C (Bernardet & Bowman, 2011) . Species in the genus Flavobacterium show variation in other characteristics, including gliding motility, growth temperature, carbohydrate utilization and nitrate reduction.
Beginning with the description of Flavobacterium suncheonense, the type strain of which was isolated from greenhouse soil in Korea, four species of the genus Flavobacterium that form a distinct clade in 16S rRNA phylogenetic trees have been described. The type strains of these four species, namely Flavobacterium cauense R2A-7 T , Flavobacterium saliperosum S13 T , Flavobacterium enshiense DK69 T and F. suncheonense GH29-5 T , were all isolated from either soil or freshwater sediment in China and Republic of Korea and share the following phenotypic characteristics: no assimilation of any carbon sources provided in the API 20 NE kit; no nitrate reduction activity; hydrolysis of casein and gelatin; no hydrolysis of starch or DNA; and iso-C 15 : 0 as the major fatty acid (Dong et al., 2013; Kim et al., 2006; Qu et al., 2009; Wang et al., 2006) .
In 2011, we isolated strain JC2902
T from soil at the rim of Ungok Lake, an artificial freshwater lake located in Gochang, Republic of Korea. Isolation was carried out by Abbreviations: ANI, average nucleotide identity; ML, maximumlikelihood; NJ, neighbour-joining.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain JC2902
T is JQ928688. The GenBank Bioproject ID numbers for the draft genome sequences of strain JC2902 We determined the almost full-length sequence of the 16S rRNA gene of strain JC2902
T according to Chun & Goodfellow (1995) . Preliminary identification of the sequence was done by searching for similar sequences in the EzTaxon-e web server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Subsequently, we performed phylogenetic analysis on the 16S rRNA gene sequences of strain JC2902 T and related species identified by similarity searches. Sequences were aligned according to the bacterial rRNA secondary structure model using the jPHYDIT program (Jeon et al., 2005) . Multiple alignment was used for the neighbourjoining (NJ; Saitou & Nei, 1987) , maximum-likelihood (ML; Felsenstein, 1981) and Bayesian (Yang & Rannala, 1997) tree-inferring methods. The NJ tree was reconstructed using MEGA5 software (Tamura et al., 2011) with the Jukes-Cantor model of nucleotide substitution (Jukes & Cantor, 1969) . ML tree inference was performed in MEGA5 using nearestneighbour-interchange search (Nei & Kumar, 2000) and general time-reversible model of nucleotide substitution with four discrete gamma rate categories (Lanave et al., 1984) . For both NJ and ML trees, bootstrap analyses with 1000 replications were performed to estimate the statistical support of the branches. The Bayesian phylogenetic tree was 
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Flavivirga jejuensis JC2682 T (HM475139) inferred using MrBayes 3.2 (Ronquist & Huelsenbeck, 2003) , by running four Markov chains for 5 000 000 generations under the general time-reversible model with gamma-shaped variation, with sampling frequency of 100 and burning an initial 1 000 000 generations. Strain JC2902 T had high 16S rRNA gene sequence similarities with F. cauense R2A-7 T (98.4 %), F. saliperosum S13 T (97.8 %) and F. enshiense DK69 T (96.8 %). The topologies of the NJ, ML and Bayesian phylogenetic trees unambiguously placed strain JC2902
T together with F. cauense R2A-7 T and F. saliperosum S13
T under a robustly supported clade (Fig. 1 ).
Because the 16S rRNA gene sequence similarities between strain JC2902 T and the type strains of F. cauense, F. saliperosum and F. enshiense were higher than 97 %, levels of DNA-DNA relatedness among the strains were investigated further. We used whole genome sequencing to elucidate genomic relatedness among the new isolate and related taxa. Whole genome sequences of strain JC2902 T were determined using the Illumina/ Solexa technology. An average of 4.48 million paired-end reads with length of 231.8 bp were generated with the MiSeq system (Illumina). The resultant reads were assembled into contigs using the CLC Genomics Workbench 5.1 (CLCbio), followed by manual editing. The resulting draft genomes of the four strains had 39-76 contigs with 285-to 377-fold coverage and the genome size ranged from 2.90 to 3.47 Mb. The degree of pairwise genome-based relatedness was calculated as an average nucleotide identity (ANI) value following the BLAST-based ANI calculation method described by Goris et al. (2007) . The ANI values between strain JC2902
T and the type strains of F. cauense, F. saliperosum and F. enshiense were 80.7-81.2 % (Table S1 available in IJSEM Online), this level being well below the proposed cut-off ANI values for bacterial species (95-96 %; Goris et al., 2007; Richter & Rosselló -Mó ra, 2009 ). Based on the combination of 16S rRNA phylogeny and genome sequence comparison, it is concluded that strain JC2902
T represents a novel genomic species.
To supplement phylogenetic analysis based on 16S rRNA gene sequences, we applied two different genome-based methods. First, ANI values for the Flavobacterium strains whose genome sequences were available in the GenBank database were calculated and used to generate a dendrogram based on the UPGMA algorithm (Fig. 2) . Second, we obtained a set of ORFs comprising core genomes of the genus Flavobacterium using the algorithm of Chun et al. (2009) , resulting in 32 ORFs (with BLASTP comparison and 90 % cut-off). The NJ tree was reconstructed from the concatenated multiple alignment (Fig. 3) . In general, both genome-based analyses support the conclusion of the 16S rRNA gene-based phylogeny as the new isolate and related species (F. cauense, F. saliperosum, F. enshiense) formed a monophyletic clade.
The genomic DNA G+C content of strain JC2902
T directly calculated from its genome sequence was 38.5 mol%, and this value is within the range of values for the reference strains (37.7-39.6 mol%; Table 1 ).
For phenotypic tests, the type strains of the four species that formed a strongly supported clade in the phylogenetic tree were used for reference. All reference strains together with the new isolate were grown on R2A agar for 3-7 days at 30 u C before their experimental characterization, unless otherwise mentioned. The presence of flexirubin-type pigments was tested by flooding the colonies with 20 % KOH and interpreting the resulting change in colony colour (Bernardet et al., 2002) . Fatty acids were extracted from colonies grown on R2A agar for 7 days at 30 u C following the standard fatty acid methyl ester method of the Microbial Identification System (MIDI) version 6.0 and analysed by GC based on the TSBA6 database. Tests for flexirubin-type pigments were negative for strain JC2902 T , while all reference strains were positive. The major fatty acid of strain JC2902
T was iso-C 15 : 0 (39.9 %). The second and third most abundant fatty acids of strain JC2902
T were iso-C 17 : 1 v9c and iso-C 17 : 0 3-OH, respectively. The fatty acid profile of strain JC2902
T was similar to those of F. T by its lack of detectable C 15 : 0 (Table 2) .
Growth of strain JC2902
T under various temperatures, pH and NaCl concentrations was examined. To test the range of growth temperature, streaked R2A agar plates were incubated at 4, 10, 15, 20, 25, 30, 37 and 45 u C, and the visible growth of colonies was checked after 7 days of incubation. R2A agar plates that have pH of 4, 5, 6, 7, 8, 9 and 10 were prepared by adding 10 M HCl and/or 10 M NaOH solution to autoclaved R2A agar medium while its T . Data are from the present study, except where indicated. The five strains were positive for the following characteristics: hydrolysis of gelatin and casein; and presence of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and catalase activities. The five strains were negative for the following characteristics: Congo red absorption; reduction of nitrate to nitrite; indole production; hydrolysis of arginine, aesculin, starch, cellulose and egg yolk; glucose acidification; presence of urease, lipase (C14), a-galactosidase, b-galactosidase, a-chymotrypsin, b-glucuronidase, a-glucosidase, b-glucosidase, amannosidase and a-fucosidase activities; and assimilation of glucose, arabinose, mannose, N-acetyl-D-glucosamine, maltose, gluconate, caprate, adipate, malate, citrate and phenylacetate. NG, No growth (probably due to the substrate added); NA, data not available. pH was monitored using a pH meter (pH meter 430; Corning). Growth at each pH was determined after incubation at 30 u C for 7 days. The ability to grow in the presence of 0, 1, 2, 3, 4 and 5 % NaCl was tested in the same way. The ability to grow on nutrient agar (NA, Difco), Luria-Bertani (LB, Difco) agar and tripticase soy agar (TSA, Bacto) plates was determined by incubation on each medium for 2 weeks at 30 u C, as the reference type strains were reported to show differential ability to grow on these complex media.
Morphology and motility of strain JC2902 T were examined by microscopic observations. Cell shape was observed by transmission electron microscopy (JEM1010; JEOL). Flagellar motility was examined by the agar-stab method, in which we inoculated semi-solidified R2A medium containing 0.3 % agar by stabbing and incubated this for 7 days at 30 u C. The presence of gliding motility was examined by direct observation of the microscopic slides coated with R2A agar 0, 2 and 4 h after streaking. Cells of strain JC2902
T were rod-shaped; no flagella were observed when cells were examined using electron microscopy. Agarstab incubation showed that strain JC2902
T was motile through 0.3 % agar.
Physiological and biochemical characteristics were tested together with the reference strains. Oxidase and catalase activities were determined using 1 % tetramethyl-b-phenylenediamine reagent (Sigma-Aldrich) and 3 % H 2 O 2 (Acros Organics), respectively. The Gram-reaction was tested using the KOH method. Absorption of Congo red was checked by directly flooding the agar plates with 0.01 % Congo red solution (Sigma-Aldrich). Hydrolysis of casein, starch, Tween 80, CM-cellulose, lecithin and L-tyrosine was tested by preparing the R2A agar supplemented by 1 % casein (Sigma-Aldrich), 0.2 % starch (Kanto Chemical), 1 % Tween 80 (Difco Laboratories), 0.5 % CM-cellulose (SigmaAldrich), 3 % egg-yolk (Sigma-Aldrich) and 0.5 % L-tyrosine (Sigma-Aldrich), respectively. Further physiological and biochemical properties were tested by using the API ZYM and API 20 NE systems. The API systems were inoculated and incubated at 30 u C. API ZYM results were determined after 6 h of incubation, while API 20 NE results were determined after 48 h of incubation. Differential characteristics between strain JC2902
T and the four reference type strains are summarized in Table 1 and in the species description.
Phylogenetic analyses based on 16S rRNA gene sequences and comparative genomics show that strain JC2902 T belongs to the genus Flavobacterium and represents a novel species. Furthermore, a number of chemotaxonomic and phenotypic traits are identified that differentiate strain JC2902
T from phylogenetically related species. Based on data from this polyphasic taxonomic study, we propose that strain JC2902
T represents a novel species in the genus Flavobacterium for which the name Flavobacterium limnosediminis sp. nov. is proposed.
Description of Flavobacterium limnosediminis sp. nov.
Flavobacterium limnosediminis (lim.no.se.di9mi.nis. Gr. n. limnê lake; L. n. sedimen -inis sediment; N.L. gen. n. limnosediminis from lake sediment).
Grows at 10-37 u C and pH 6-8. Does not grow in the presence of ¢1 % NaCl. Grows on NA but not on LB agar or TSA. Aerobic. Cells are rod-shaped and appendage-like structures are occasionally observed. Shows motility in 0.3 % agar. Non-motile by gliding. Oxidase-and catalasepositive. Flexirubin-like pigments are absent. Hydrolyses casein and Tween 80, but not starch, CM-cellulose or lecithin. Positive for alkaline phosphatase, esterase C4, esterase lipase C8, leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for lipase C14, a-chymotrypsin, a-galactosidase, b-galactosidase, bglucuronidase, a-glucosidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase. Negative for nitrate reduction, urease, indole production, arginine dihydrolysis, glucose acidification and aesculin hydrolysis. Hydrolyses gelatin. Does not assimilate any of the substrates tested in the API 20 NE test system. The major fatty acid is iso-C 15 : 0 , with lesser amounts of iso-C 17 : 1 v9c and iso-C 17 : 0 3-OH. Dong et al. (2013) .
